T hermal phase transitions surround us. Ice melts. Water boils. Triggered by thermal fluctuations, these transitions are typically characterized by a reorganization of matter at a critical temperature from one distinct phase to another. Less obvious in our everyday lives are phase transitions that occur in quantum systems at zero temperature. These quantum phase transitions exist in many condensed matter systems, in which tuning such variables as pressure, atom concentration, or magnetic field brings one quantum phase to a "critical point" with another. Instead of thermal fluctuations, these transitions are driven by the quantum fluctuations dictated by the uncertainty principle, and they often involve competing interactions (for example, repulsive versus attractive) between the phases. Now, theorists simulating the interactions between protons and neutrons in a nucleus have found that certain light nuclei exist near a quantum phase transition. The transition is from a state with a uniform distribution of protons and neutrons (a Fermi liquid) to a state consisting of several alpha particles (two protons and two neutrons) [1] . The finding, from Dean Lee at North Carolina State University, Raleigh, and colleagues, might provide clues as to why clustering occurs in the ground states of some nuclei but only in the excited states of others-such as the excited Hoyle state of carbon that is thought to be essential to life.
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Nuclear physicists today seek to understand nuclei from the underlying interactions between protons and neutrons [2] . These interactions are described by quantum chromodynamics (QCD)-the theory of quarks and gluons-and electroweak theory. Ultimately, we would like a theoretical framework with which to predict nuclear properties, even those that are inaccessible to experiments. Thanks to modern experimental facilities, such as the Facility for Rare Isotope Beams under construction at Michigan State University, we will soon be able to test our understanding of nuclei, in particular, those that are very rich in neutrons. In the past ten years, theorists have made tremendous progress towards describing nuclei. Propelling this effort has been the advent and application of effective field theory [3, 4] . This approach describes the nuclear force in terms of nucleons instead of the quarks and gluons that are the degrees of freedom in QCD. The Lagrangian for this nuclear force-the basis for determining the ground states and properties of nuclei-is approximated with an order-by-order series expansion, but one that preserves the symmetries of QCD. A "leading-order" expansion suffices for low-energy (long-distance) nuclear interactions, but higher-order terms are needed for high-energy (short-distance) interactions. Once the parameters of the expansion are determined, numerical techniques for solving many-body interactions, such as lattice Monte Carlo [5] , can be used to describe a nucleus. These calculations have been possible thanks to steady increases in the speed and power of computers [6] .
In their new work, Lee and co-workers [1] utilized a lattice Monte Carlo algorithm and a leading-order effective field theory to investigate alpha clustering in the ground state of physics.aps.org c 2016 American Physical Society 16 O and other similarly light nuclei with equal numbers of protons and neutrons (N = Z nuclei). Prior to this investigation, experimental and theoretical work has found evidence for clustering in light N = Z nuclei in both the ground and excited states [7] . Indeed, also using lattice Monte Carlo calculations, theorists (including Lee) have shown previously that the second excited state in 16 O exhibits alpha clusters [8] . While the origin of clustering in nuclei is not fully understood, it must be rooted in nuclear interactions. In the new work, Lee and co-workers calculated the ground states of 16 O and other N = Z nuclei assuming different forms of the nucleon-nucleon interaction, asking if tweaking the interaction would drive the nuclei into states exhibiting alpha clustering.
To address this question, the authors considered two possible interactions between nucleons. Both interactions are the same, except at short distances, for which the interaction cannot be described without experimentally determined parameters. The first interaction, dubbed V A , only includes terms that describe nonlocal short-distance interactions, meaning interactions that act over a distance instead of at a point. The second one, dubbed V B , includes both local and nonlocal short-distance terms, as well as extra terms that are used to properly account for the interactions between alpha particles. The researchers calculated the ground states of nuclei assuming a nucleon-nucleon interaction that interpolates between V A and V B according to a simple formula, V(a) = (1 − a)V A + aV B , where a is a parameter. Focusing on N = Z nuclei ranging from 20 Ne to 8 Be, they found that at specific values of the parameter a, each nucleus undergoes a phase transition from a Fermi liquid to a phase whose nucleons form alpha clusters (Fig. 1) .
The authors point out that, for a given value of a, a nucleus predicted to be on one side of the quantum phase transition in their leading-order calculation might be predicted to be on the other side with a higher-order calculation. This potential sensitivity to the precise nucleon-nucleon interaction is what leads the authors to suggest that "nature is near a quantum phase transition" [1] .
These simulations could tell us something about real nuclei. The Hoyle state of 12 C is a particularly interesting case. This state, which plays a key role in the production of carbon in red giant stars, is created by the fusion of three alpha particles, but it is tough to calculate [9] . Knowing that nuclear ground states hover in the vicinity of a quantum phase transition might encourage experimentalists to try new ways of searching for alpha clustering in carbon and other nuclei, which is difficult to detect directly. And while clustering is most prominent in calculations of N = Z nuclei, it is possible that other forms of clusters, such as neutron clusters, appear in very neutron-rich nuclei. The work from Lee and co-workers may inspire theorists to investigate these possibilities. Finding a quantum phase transition in very neutron-rich nuclei would certainly have an effect on our understanding of how nuclei bind in such systems. The future in this area is both bright and fascinating.
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